DESCRIPTION
TITLE OF THE INVENTION:
BUMP-FORMING DEVICE, BUMP-FORMING METHOD, AND BUMP-FORMING
PROGRAM
Technical Field
[0001] The present invention relates to a bump-forming device, a bump-forming method and
a bump-forming program.
Related Art
[0002] In order to obtain a target bonding shape using a wire bonding apparatus, many
parameters need to be set, and studies are underway to simplify setting of these parameters.
[0003] For example, Patent Document 1 discloses a wire bonding apparatus provided with an
arithmetic means. The arithmetic means receives bonding shape data on at least crimp diameter
and crimp thickness input by a keyboard, and generates a control signal relating to ultrasonic power
applied to a tip of a bonding tool and ultrasonic application time during bonding, and a control
signal relating to a pressurizing force of the bonding tool on a bonding point.
[0004] Patent Document 2 discloses a wire bonding apparatus provided with an arithmetic
means. The arithmetic means receives data on a bonding tool in addition to bonding shape data,
and generates a control signal relating to ultrasonic power and ultrasonic application time and a
control signal relating to a pressurizing force.
Prior-Art Documents
Patent Documents
[0005] Patent Document 1: Japanese Patent No. 2725116
Patent Document 2: Japanese Patent Laid-open No. H6-45413
SUMMARY OF THE INVENTION
Problems to Be Solved by the Invention

[0006] A bump-forming device using wire bonding technology is known as a device forming



a bump on a bond point of a semiconductor device or the like. In order to obtain a target bump
shape using such a bump-forming device, many parameters including those relating to a trajectory
of a bonding tool from where a wire is crimped to where the wire is cut need to be set. However,
since there is no description of bump formation in Patent Document 1 and Patent Document 2,
even if the description of Patent Document 1 and Patent Document 2 is applied to the bump-
forming device, there are cases where parameter setting cannot be sufficiently simplified.

[0007] The present invention has been made in view of such circumstances, and an object of
the present invention is to provide a bump-forming device, a bump-forming method, and a bump-
forming program in which parameter setting is simplified.

Means for Solving the Problems

[0008] A bump-forming device according to one aspect of the present invention includes: a
bonding tool, bonding a wire to a bond point as a bonding target; and a bonding controller,
controlling the bonding tool to form a bump on the bond point. The bonding controller is
configured to execute: a crimping step in which a ball part formed at a tip of the wire extending
from a tip of the bonding tool is crimped to the bond point by the tip of the bonding tool; a delivery
step in which the bonding tool is moved while the wire is delivered from the ball part crimped to
the bond point; a pressing step in which a portion of the ball part crimped to the bond point is
pressed by the tip of the bonding tool, and the ball part crimped to the bond point is deformed; and
a cutting step in which the wire is cut and the bump is formed on the bond point. Based on a first
parameter relating to the wire and a second parameter relating to shape of the bonding tool, at least
a trajectory in the delivery step in the trajectory of the bonding tool is determined.

[0009] According to this aspect, trial production work and measurement work for setting a
wide variety of parameters, which are not easy even for a skilled worker, can be simplified, and a
bump of a desired shape can be obtained by setting the first parameter and the second parameter.
[0010] In the above aspect, the bonding controller may acquire the first parameter and the

second parameter input by an input device, and calculate the trajectory of the bonding tool.



[0011] In the above aspect, the first parameter may include a diameter of the ball part before
being crimped and a diameter and a thickness of a crimp lower portion of the ball part crimped to
the bond point, the crimp lower portion being formed between the bonding tool and the bond point.
The second parameter may include a hole diameter of a hole of the bonding tool through which
the wire is inserted, and a chamfer diameter and a chamfer angle of a chamfer provided on a tip
side of the hole of the bonding tool. The bonding controller may calculate a volume of a crimp
upper portion of the ball part crimped to the bond point, the crimp upper portion being formed
inside the bonding tool.

[0012] In the above aspect, the trajectory of the bonding tool may include an ascending path
away from the bond point. The bonding controller may calculate a distance of the ascending path
based on the volume of the crimp upper portion.

[0013] In the above aspect, the trajectory of the bonding tool may further include a slide path
moving in a direction intersecting the ascending path. The first parameter may include a diameter
and a material of the wire. The bonding controller may calculate a distance of the slide path based
on the chamfer diameter and the diameter and the material of the wire.

[0014] In the above aspect, the trajectory of the bonding tool may further include a descending
path approaching the bond point. The bonding controller may calculate a distance of the
descending path based on the distance of the ascending path and the material of the wire.

[0015] A bump-forming method according to another aspect of the present invention includes
the following. In a crimping step, a ball part formed at a tip of a wire extending from a tip of a
bonding tool is crimped to a bond point by the tip of the bonding tool. In a delivery step, the
bonding tool is moved while the wire is delivered from the ball part crimped to the bond point. In
a pressing step, a portion of the ball part crimped to the bond point is pressed by the tip of the
bonding tool, and the ball part crimped to the bond point is deformed. In a cutting step, the wire
is cut and a bump is formed on the bond point. Based on a first parameter relating to the wire and

a second parameter relating to shape of the bonding tool, at least a trajectory in the delivery step



in the trajectory of the bonding tool is determined.

[0016] In the above aspect, between a first bond point and a second bond point electrically
connected by wire bonding, the bump may be formed at the first bond point. The bump may have
a greater thickness on a side close to the second bond point than on a side far from the second bond
point.

[0017] A bump-forming program according to another aspect of the present invention causes
a computer to execute: crimping processing in which a ball part formed at a tip of a wire extending
from a tip of a bonding tool is crimped to a bond point by the tip of the bonding tool; delivery
processing in which the bonding tool is moved while the wire is delivered from the ball part
crimped to the bond point; pressing processing in which a portion of the ball part crimped to the
bond point is pressed by the tip of the bonding tool, and the ball part crimped to the bond point is
deformed; and cutting processing in which the wire is cut and a bump is formed on the bond point.
Based on a first parameter relating to the wire and a second parameter relating to shape of the
bonding tool, at least a trajectory in the delivery processing in the trajectory of the bonding tool is
determined.

[0018] In the above aspect, the bump-forming program may be recorded on a computer-
readable recording medium.

Effects of the Invention

[0019] According to the present invention, a bump-forming device, a bump-forming method,
and a bump-forming program can be provided in which parameter setting is simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 schematically illustrates a configuration of a bump-forming device according
to one embodiment.

FIG. 2 is a flowchart schematically illustrating a bump-forming method according to one
embodiment.

FIG. 3 illustrates an example of a parameter input screen.



FIG. 4 is a sectional view schematically illustrating a state immediately before a wire is bonded to
a bond point.

FIG. 5 is a sectional view schematically illustrating a state immediately after a wire is bonded to
a bond point.

FIG. 6 illustrates an example of a trajectory of a capillary according to a first embodiment.

FIG. 7 is a photograph illustrating a bump formed according to the first embodiment.

FIG. 8 illustrates a first use example of the bump formed according to the first embodiment.

FIG. 9 illustrates a second use example of the bump formed according to the first embodiment.
FIG. 10 illustrates a third use example of the bump formed according to the first embodiment.
FIG. 11 illustrates a fourth use example of the bump formed according to the first embodiment.
FIG. 12 illustrates a fifth use example of the bump formed according to the first embodiment.
FIG. 13 illustrates a sixth use example of the bump formed according to the first embodiment.
FIG. 14 illustrates an example of a trajectory of a capillary according to a second embodiment.
FIG. 15 is a photograph illustrating a bump formed according to the second embodiment.
DESCRIPTION OF THE EMBODIMENTS

[0021] An embodiment of the present invention is hereinafter described with reference to the
drawings. The drawings of the present embodiment are illustrative, and the dimensions or shapes
of each part are schematic. The technical scope of the present invention should not be construed
as being limited to the embodiment.

[0022] A configuration of a bump-forming device 1 according to one embodiment of the
present invention is described with reference to FIG. 1. FIG. 1 schematically illustrates a
configuration of a bump-forming device according to one embodiment. The bump-forming device
1 is, for example, a bonding apparatus used in the technical field of wire bonding.

[0023] As illustrated in FIG. 1, the bump-forming device 1 according to the present
embodiment is configured to include a bonding controller 10, a base 11, an XY table 12, a bonding

head 13, a torch electrode 14, a capillary 15, an ultrasonic horn 16, a wire clamper 17, a wire



tensioner 18, a rotary spool 19, a bonding stage 20, a heater 21, an operation part 40, a display 41,
a camera 42 and the like.

[0024] In the following embodiment, a plane parallel to a semiconductor device (for example,
a semiconductor die or a chip size package) or a substrate or a lead frame as a bonding target is
taken as an XY plane, and a direction perpendicular to the XY plane is taken as a Z direction. A
tip position of the capillary 15 is specified by spatial coordinates (X, Y, Z) represented by an X
coordinate, a Y coordinate, and a Z coordinate.

[0025] The base 11 is configured to slidably carry the XY table 12. The XY table 12 is a
moving device able to move the capillary 15 to a predetermined position on the XY plane based
on a drive signal from the bonding controller 10.

[0026] The bonding head 13 is a moving device integrally formed with a bonding arm (not
illustrated) and movably holding the ultrasonic horn 16 in the Z direction based on the drive signal
from the bonding controller 10. The bonding head 13 has a lightweight low center-of-gravity
structure and is configured to be able to suppress movement of the capillary 15 due to inertial force
generated as the XY table 12 moves.

[0027] The ultrasonic horn 16 is a rod-shaped member including, from end to tip, an end, a
flange, a horn portion, and a tip. An ultrasonic oscillator 161 that vibrates in response to the drive
signal from the bonding controller 10 is arranged at the end. The flange is attached to the bonding
head 13 via the bonding arm so as to be able to resonate at a position serving as a node of ultrasonic
vibration. The horn portion is an arm extending longer than a diameter of the end, and has a
structure that amplifies the amplitude of vibration caused by the ultrasonic oscillator 161 and
transmits the vibration to the tip. The tip serves as an attachment part that replaceably holds the
capillary 15. The ultrasonic horn 16 has a resonance structure that resonates with the vibration of
the ultrasonic oscillator 161 as a whole, and is configured into a structure in which the ultrasonic
oscillator 161 and the flange are located at a vibration node and the capillary 15 is located at a

vibration antinode at the time of resonance. By these configurations, the ultrasonic horn 16



functions as a transducer that converts an electrical drive signal into mechanical vibration.

[0028] The capillary 15 is a portion bonding a wire w to a bond point as a bonding target, and
corresponds to an example of a “bonding tool” in the present invention. The capillary 15 is
provided with an insertion hole through which the wire w used for bonding can be inserted and
delivered. The capillary 15 is replaceably attached to the ultrasonic horn 16 by spring force or the
like.

[0029] The wire clamper 17 includes a piezoelectric element that opens and closes based on
a control signal of the bonding controller 10, and is configured so that the wire w can be gripped
or released at a predetermined timing.

[0030] The wire tensioner 18 has the wire w inserted therethrough, and is configured to be
able to apply appropriate tension to the wire w during bonding by freely changing the tension on
the wire w based on the control signal of the bonding controller 10.

[0031] The rotary spool 19 replaceably holds a reel around which the wire w is wound, and is
configured to deliver the wire w according to the tension exerted through the wire tensioner 18. A
material of the wire w is selected on account of ease of processing and low electrical resistance.
Gold (Au), silver (Ag), aluminum (Al), copper (Cu) or the like is usually used.

[0032] The torch electrode 14 is connected to a high voltage power supply (not illustrated)
via a discharge stabilizing resistor (not illustrated), and is configured to generate a spark
(discharge) based on the control signal from the bonding controller 10, and be able to form a free
air ball fab (corresponding to an example of a “ball part” of the present invention) at a tip of the
wire w delivered from the tip of the capillary 15 by heat of the spark. The position of the torch
electrode 14 is fixed. During discharge, the capillary 15 may approach to a position at a
predetermined distance from the torch electrode 14, and an appropriate spark may be generated
between the tip of the wire w and the torch electrode 14.

[0033] The bonding stage 20 is a stage having a workpiece 30 (such as a substrate or a

semiconductor die) for forming a bump placed on a machining surface. The heater 21 is provided



below the machining surface of the bonding stage 20, and is configured to be able to heat the
workpiece 30 to a temperature suitable for bonding.

[0034] The operation part 40 is an input device including an input means such as a trackball,
amouse, a joystick, or a touch panel, and outputting operation content of an operator to the bonding
controller 10. The display 41 displays an input screen for a first parameter relating to the wire w
and a second parameter relating to the shape of the capillary 15. Examples of the first parameter
include a material and a diameter Dw of the wire w, a diameter Df of the free air ball fab, and a
diameter D3 and a thickness T3 of a crimp lower portion 63, which will be described later.
Examples of the second parameter include a hole diameter Dh, a chamfer diameter Dc, and a
chamfer angle Ac of the capillary 15, which will be described later. Based on the input screen
displayed on the display 41, the operator operates the operation part 40 and inputs the first
parameter and the second parameter.

[0035] The camera 42 is configured to be able to photograph the workpiece 30 placed on the
machining surface of the bonding stage 20 and the tip of the wire w. The display 41 may display
an image captured by the camera 42 at a predetermined magnification allowing visual recognition
by the operator. The operator may observe the workpiece 30 and the tip of the wire w displayed
on the display 41 and set some of the first parameters.

[0036] The bonding controller 10 is a computer configured to be able to output various control
signals controlling each part of the bump-forming device 1 including the capillary 15 based on a
predetermined software program. Although illustration is omitted, the bonding controller 10
includes, for example, an acquisition part, a display control part, a storage part, a calculation part,
and an output part. The acquisition part acquires the first parameter and the second parameter
input to the operation part 40. The display control part causes the display 41 to display the input
screen for the first parameter and the second parameter or the image captured by the camera 42.
The storage part stores parameters other than the first parameter and the second parameter, such

as ultrasonic output of the ultrasonic horn 16, a pressurizing force of the capillary 15 on the bond



point, and a moving speed of the capillary 15. Based on the first parameter and the second
parameter, the calculation part calculates, among trajectories of the capillary 15 from where the
wire w is crimped to the bond point to where the wire w is cut, at least a trajectory in a delivery
step of delivering the wire w. Based on the trajectory of the capillary 15 calculated by the
calculation part, the output part outputs a control signal controlling the XY table 12 and the
bonding head 13. Based on various parameters stored in the storage part, the output part outputs
various control signals controlling each part of the bump-forming device 1.

[0037] Next, a bump-forming method according to one embodiment of the present invention
is described with reference to FIG. 2 to FIG. 5. The bump-forming device 1 described above is
used in the bump-forming method. FIG. 2 is a flowchart schematically illustrating a bump-
forming method according to one embodiment. FIG. 3 illustrates an example of a parameter input
screen. FIG. 4 is a sectional view schematically illustrating a state immediately before a wire is
bonded to a bond point. FIG. 5 is a sectional view schematically illustrating a state immediately
after a wire is bonded to a bond point.

[0038] First, the first parameter and the second parameter input in the bump-forming method
according to the present embodiment are described with reference to FIG. 4 and FIG. 5. Provided
is a sectional view illustrating a step of crimping the wire w to an electrode 52 corresponding to a
bond point of a semiconductor device 50. A hole 15h and a chamfer 15¢ are formed in the capillary
15. The hole 15h and the chamfer 15¢ are through holes penetrating the capillary 15 in the Z
direction, and the chamfer 15c is formed on the tip side of the hole 15h. The hole 15h and the
chamfer 15¢ are connected, and the chamfer 15c opens at the tip of the capillary 15. The wire w
is inserted through the hole 15h and the chamfer 15¢. A diameter (hereinafter referred to as “hole
diameter Dh”) of the hole 15h is substantially constant at the tip of the capillary 15 and is greater
than a diameter (hereinafter referred to as “wire diameter Dw”) of the wire w. An angle formed
by mutually facing inner peripheral surfaces of the chamfer 15¢ corresponds to the chamfer angle

Ac. A diameter of an opening formed by the chamfer 15c at the tip of the capillary 15 corresponds



to the chamfer diameter Dc. The chamfer diameter Dc is greater than the hole diameter Dh.
[0039] As illustrated in FIG. 4, immediately before the wire w is crimped to the electrode 52,
the free air ball fab is formed by the spark at the tip of the wire w extending from the tip of the
capillary 15. A diameter (hereinafter referred to as “free air ball diameter D) of the free air ball
fab is greater than the wire diameter Dw and greater than the chamfer diameter Dc. As illustrated
in FIG. 5, the free air ball fab is crimped to the electrode 52, thereby being deformed into a crimped
ball part 60. The crimped ball part 60 includes the crimp lower portion 63 formed between the
capillary 15 and the electrode 52 and a crimp upper portion 64 formed inside the capillary 15. The
crimp upper portion 64 includes a chamfer portion 62 formed inside the chamfer 15¢ and a hole
portion 61 formed inside the hole 15h. Since the volume of the crimped ball part 60 is equivalent
to the volume of the free air ball fab, the volume of the free air ball fab is the sum of the volume
of the crimp lower portion 63 and the volume of the crimp upper portion 64. The volume of the
crimp upper portion 64 is the sum of the volume of the chamfer portion 62 and the volume of the
hole portion 61. A diameter of the crimp lower portion 63 is set as the diameter D3, a thickness
of the crimp lower portion 63 is set as the thickness T3, a thickness of the chamfer portion 62 is
set as a thickness T2, and a thickness of the hole portion 61 is set as a thickness T1.
[0040] Next, the bump-forming method is described with reference to FIG. 2. Steps S11 to
S17 illustrated in FIG. 2 are executed by a bump-forming program installed in the bonding
controller 10. The bonding controller 10 is an example of a computer-readable recording medium
recording the bump-forming program according to one embodiment of the present invention.
First, the inputted first parameter and second parameter are acquired (S11). At this time,
the first parameter and the second parameter are inputted by, for example, the operator operating
the operation part 40 while referring to the input screen illustrated in FIG. 3. The acquisition part
of the bonding controller 10 acquires the input first parameter and second parameter.
[0041] In an example of the input screen illustrated in FIG. 3, as an input field for the first

parameter, there are prepared a “Material” field and a “Diameter” field in a “Wire” field, a “FAB
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diameter” field in a “Spark™ field, a “Crimped ball diameter (X, Y)” field and a “Crimped ball
thickness (Z)” field in a “Crimped ball diameter and thickness” field. The material of the wire w
is entered in the “Material” field in the “Wire” field. The wire diameter Dw is entered in the
“Diameter” field in the “Wire” field. The free air ball diameter Df is entered in the “FAB diameter”
field in the “Spark™ field. The diameter D3 of the crimp lower portion 63 is entered in the
“Crimped ball diameter (X, Y)” field in the “Crimped ball diameter and thickness” field, and the
thickness T3 of the crimp lower portion 63 is entered in the “Crimped ball thickness (Z)” field in
the “Crimped ball diameter and thickness” field. The free air ball diameter Df as well as the
diameter D3 and the thickness T3 of the crimp lower portion 63 are measured values obtained by
measuring the free air ball fab and the crimp lower portion 63 formed during trial production.
[0042] Furthermore, as an input field for the second parameter, there are prepared fields of
“Hole diameter”, “Chamfer diameter” and “Chamfer angle” in a “Capillary” field. The hole
diameter Dh is entered in the “Hole diameter” field, the chamfer diameter Dc is entered in the
“Chamfer diameter” field, and the chamfer angle Ac is entered in the “Chamfer angle” field.
[0043] Various parameters other than the first parameter and the second parameter have been
stored in the storage part of the bonding controller 10 before step S11, and input of the various
parameters by the operator is omitted in step S11. The various parameters stored in the storage
part are used to determine the control signals controlling the torch electrode 14, the ultrasonic horn
16, the wire clamper 17, the wire tensioner 18, the rotary spool 19, the bonding stage 20, the heater
21, and the like.

[0044] Next, a trajectory of the capillary 15 is calculated (S12). At this time, the calculation
part of the bonding controller 10 calculates the trajectory of the capillary 15 based on the first
parameter and the second parameter acquired by the acquisition part. The calculated trajectory of
the capillary 15 is a trajectory in the delivery step in which the capillary 15 is moved while the
wire w is delivered in a step from crimping to cutting of the wire w. The calculated trajectory of

the capillary 15 is, for example, a trajectory of an intersection point (X, Y, Z) between a center
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axis of the hole 15h and the chamfer 15¢ extending in the Z direction and an XY plane including
the tip of the capillary 15. A starting point of the trajectory of the capillary 15 is, for example, a
location (X, Z)=(X1, Z1) illustrated in FIG. 5. X1 is a position on the X coordinate of a center
axis of the crimped ball part 60 extending in the Z direction, and Z1 is a position on the Z
coordinate of a boundary surface between the crimp lower portion 63 and the crimp upper portion
64 extending on the XY plane.

[0045] Next, the free air ball fab is formed at the tip of the wire w (S13). At this time, the
output part of the bonding controller 10 generates a spark between the tip of the wire w and the
torch electrode 14 under the same conditions as when the operator measures the first parameter.
[0046] Next, the free air ball fab is crimped to the electrode 52 of the semiconductor device
50 (S14). At this time, the output part of the bonding controller 10 crimps the free air ball fab to
the electrode 52 by the tip of the capillary 15 under the same conditions as when the operator
measures the first parameter. As illustrated in FIG. 5, the free air ball fab is deformed and formed
into the crimped ball part 60 including the crimp lower portion 63 and the crimp upper portion 64.
Step S14 corresponds to an example of a “crimping step” according to the present invention.
[0047] Next, the wire w is delivered (S15). At this time, the output part of the bonding
controller 10 moves the capillary 15 based on the trajectory of the capillary 15 calculated by the
calculation part. When the capillary 15 is moved, the wire clamper 17 is released and the wire w
is delivered. The calculated trajectory of the capillary 15 includes at least an ascending path away
from the electrode 52, a slide path next to the ascending path that moves in a direction intersecting
the ascending path, and a descending path next to the slide path that approaches the electrode 52.
[0048] Next, the crimped ball part 60 is pressed with the tip of the capillary 15 (S16). At this
time, a position or depth of pressing is calculated by the calculation part of the bonding controller
10. In step S16, a shape of a bump is determined. That is, a height of the bump or a direction or
angle of inclination of a bump surface is determined.

[0049] Next, the wire w is cut (S17). At this time, the capillary 15 is lifted (away from the
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electrode 52) with the wire clamper 17 in a holding state, and the wire w is cut at a bending point
of the wire w. The bending point of the wire w is, for example, formed in step S16.
[0050] As described above, according to the bump-forming device 1 according to one
embodiment of the present invention, by inputting the first parameter and the second parameter
for calculating the control signal for the XY table 12 and the bonding head 13 that determine the
trajectory of the capillary 15, a bump of a desired shape can be formed without inputting any other
parameters. That is, trial production work and measurement work for setting a wide variety of
parameters, which are not easy even for a skilled worker, can be simplified.
[0051] Next, a bump-forming method according to a first embodiment is described with
reference to FIG. 6 and FIG. 7. FIG. 6 illustrates an example of a trajectory of a capillary according
to the first embodiment. FIG. 7 is a photograph illustrating a bump formed according to the first
embodiment.
[0052] The first embodiment is a bump-forming method for forming a bump of a first shape.
As illustrated in FIG. 6, the trajectory of the capillary 15 calculated by the calculation part of the
bonding controller 10 in the present embodiment includes the ascending path, the slide path, and
the descending path.
[0053] The ascending path is a path along the Z direction of the capillary 15 moving away
from the electrode 52 with (X, Z)=(X1, Z1) as a starting point. In the ascending path, the capillary
15 moves from (X, Z)=(X1, Z1) to (X, Z)=(X1, Z3). A movement direction of the capillary 15 in
the ascending path is set as a +Z direction. At this time, a distance of the ascending path is
calculated by the following equation based on the thickness T1 of the hole portion 61 and the
thickness T2 of the chamfer portion 62.

73-71=T2+Tl1+al

al is, for example, a constant obtained empirically, but may also be a variable determined
based on the material or the wire diameter Dw of the wire w.

[0054] The thickness T2 is calculated by the following equation based on the hole diameter
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Dh, the chamfer diameter Dc and the chamfer angle Ac.

T2={(Dc—Dw)/2}/{tan(Ac/2)}

[0055] When the volume of the hole portion 61 is set as V1, the thickness T1 of the hole
portion 61 is calculated by the following equation.

T1=V1/{(Dh/2)**m}

When the volume of the free air ball fab is set as V0, the volume of the chamfer portion 62
is set as V2, and the volume of the crimp lower portion 63 is set as V3, the volume V1 of the hole
portion 61 is calculated by the following equation.

VI=V0—(V2+V3)

Based on the free air ball diameter Df, the hole diameter Dh, the chamfer diameter Dc, the
thickness T2 of the chamfer portion 62, and the diameter D3 and the thickness T3 of the crimp
lower portion 63, the volume VO of the free air ball fab, the volume V2 of the chamfer portion 62,
and the volume V3 of the crimp lower portion 63 are calculated by the following equations.

VO={4xmx(Df/2)*}/3

V2=(n/3)x(Dh*+DhxDc+Dc?)xT2

V3=nx(D3/2)*xT3
[0056] Next, the slide path is a path along the X direction with (X, Z)=(X1, Z3) (end point of
the ascending path) as a starting point and (X, Z)=(X2, Z3) as an end point. The movement
direction of the capillary 15 in the slide path is set as a —X direction. At this time, a distance
X2-X1 of'the slide path is calculated by the following equation based on the chamfer diameter D¢
and the wire diameter Dw.

X2-X1=={(Dc/Dw)*xp1+p2} xDw

B1 and B2 are, for example, constants obtained empirically based on the material of the
wire w, but may also be variables determined based on the material or the wire diameter Dw of
the wire w.

[0057] Next, the descending path is a path along the Z direction with (X, Z)=(X2, Z3) (end
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point of the slide path) as a starting point and (X, Z)=(X2, Z4) as an end point. The movement
direction of the capillary 15 in the descending path is set as a —Z direction. At this time, a distance
74—73 of the descending path is calculated by the following equation based on the distance Z3—Z1
of the ascending path.

74-73=—{(Z3-Z1)+yl}

v1 is, for example, a constant obtained empirically based on the material of the wire w, but
may also be a variable determined based on the material or the wire diameter Dw of the wire w.
[0058] At (X, Z)=(X2, Z4) being the end point of the descending path, the crimped ball part
60 is pressed and deformed. Accordingly, as illustrated in FIG. 7, the surface of the bump becomes
an inclined surface inclined in the +Z direction from the —X direction side toward a +X direction
side.
[0059] The ascending path may also be inclined in the X direction or the Y direction. At this
time, the distance of the ascending path is appropriately adjusted based on an inclination angle of
the ascending path with respect to the Z direction. Similarly, the slide path may be inclined in the
Y direction or the Z direction, and the descending path may be inclined in the X direction or the
Y direction.
[0060] Next, use examples of the bump according to the first embodiment are described with
reference to FIG. 8 to FIG. 13. FIG. 8§ illustrates a first use example of the bump formed according
to the first embodiment. FIG. 9 illustrates a second use example of the bump formed according to
the first embodiment. FIG. 10 illustrates a third use example of the bump formed according to the
first embodiment. FIG. 11 illustrates a fourth use example of the bump formed according to the
first embodiment. FIG. 12 illustrates a fifth use example of the bump formed according to the first
embodiment. FIG. 13 illustrates a sixth use example of the bump formed according to the first
embodiment.
[0061] As illustrated in FIG. 8, a bump 54A formed according to the first embodiment can be

formed at one bond point of a pair of bond points electrically connected by wire bonding. The
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electrode 52 of the semiconductor device 50 corresponds to an example of a “first bond point”
according to the present invention, and an electrode 72 of a substrate 70 corresponds to an example
of a “second bond point” according to the present invention. The bump 54A is formed on the
electrode 52 of the semiconductor device 50. Since the bump 54A is formed on the electrode 52
of the semiconductor device 50, bonding strength between the electrode 52 of the semiconductor
device 50 and a bonding wire bw is improved. Accordingly, since sufficient bonding strength can
be obtained without increasing a force for pressing the bonding wire bw against the electrode 52
of the semiconductor device 50, damage to the semiconductor device 50 caused by a wire bonding
apparatus can be reduced.

[0062] The bump 54A is formed so as to have a smaller thickness on a side far from the
electrode 72 of the substrate 70 than on a side close to the electrode 72 of the substrate 70. In
other words, a surface of the bump 54A formed on the electrode 52 (one bond point of a pair of
bond points) of the semiconductor device 50 is inclined away from the semiconductor device 50
as approaching the electrode 72 (the other bond point of the pair of bond points) of the substrate
70. In a mode of wire bonding illustrated in FIG. 8, first, the bonding wire bw is bonded to the
electrode 72 of the substrate 70. Next, the capillary 15 is moved while the bonding wire bw is
delivered. Finally, the bonding wire bw is bonded to the bump 54 and then cut. That is, the wire
bonding illustrated in FIG. 8 is so-called forward bonding in which the electrode 72 of the substrate
70 is a primary bond point and the electrode 52 of the semiconductor device 50 is a secondary
bond point. At this time, the bonding wire bw bonded to the bump 54 is away from an outer edge
of the semiconductor device 50 due to the inclination of the surface of the bump 54. Accordingly,
even if the bonding wire bw extends substantially parallel to a surface of the semiconductor device
50 or the substrate 70, the inclination of the surface of the bump 54 prevents the bonding wire bw
from falling down. According to this, contact between the semiconductor device 50 and the
bonding wire bw can be suppressed.

[0063] In the second use example illustrated in FIG. 9, a bump 54B is used for wire bonding
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of forward bonding as in the first use example. In FIG. 9, the bump 54B formed on the electrode
52 of the semiconductor device 50 is formed so as to have a greater thickness on the side far from
the electrode 72 of the substrate 70 than on the side close to the electrode 72 of the substrate 70.
According to this, tail cut of the bonding wire bw is facilitated, and bending of the bonding wire
bw can be reduced.

[0064] In the third use example illustrated in FIG. 10, a bump 54C is used for wire bonding
of so-called reverse bonding in which the electrode 52 of the semiconductor device 50 is the
primary bond point and the electrode 72 of the substrate 70 electrode 72 is the secondary bond
point. In FIG. 10, the bump 54C formed on the electrode 72 of the semiconductor device 70 is
formed so as to have a smaller thickness on a side far from the electrode 52 of the semiconductor
device 50 than on a side close to the electrode 52 of the substrate 50. According to this, like the
first use example, the bonding wire bw can be prevented from falling down, and contact between
the semiconductor device 50 and the bonding wire bw can be suppressed.

[0065] In the fourth use example illustrated in FIG. 11, a bump 54D is used for wire bonding
of reverse bonding as in the third use example. In FIG. 10, the bump 54C formed on the electrode
72 of the semiconductor device 70 is formed so as to have a greater thickness on the side far from
the electrode 52 of the semiconductor device 50 than on the side close to the electrode 52 of the
substrate 50. According to this, like the second use example, tail cut of the bonding wire bw is
facilitated, and bending of the bonding wire bw can be reduced.

[0066] In the first to fourth use examples, the bump according to the first embodiment is
formed on the secondary bond point. However, the bump may also be formed on the primary bond
point. The bump may be formed at only one bond point or at both bond points of the pair of bond
points electrically connected by wire bonding.

[0067] In the fifth use example illustrated in FIG. 12, a bump 54E is formed on the electrode
52 of the semiconductor device 50. The bump 54E is formed so as to have a smaller thickness on

a side far from the outer edge of the semiconductor device 50 than on a side close to the outer edge
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of the semiconductor device 50 when the electrode 52 is viewed in a plan view. In the sixth use
example illustrated in FIG. 13, a bump 54F is formed on the electrode 52 of the semiconductor
device 50. The bump 54F is formed so as to have a greater thickness on the side far from the outer
edge of the semiconductor device 50 than on the side close to the outer edge of the semiconductor
device 50 when the electrode 52 is viewed in a plan view. The bumps 54F and 54F are used for,
for example, flip-chip mounting. Which of the bump 54F and the bump 54F is to be formed is
appropriately selected according to the position, shape or the like of an object to be bonded. The
bump 54F and the bump 54F may be used in applications other than flip-chip mounting.

[0068] The shape of the bump used for flip-chip mounting is not limited to that of the bump
54F or the bump 54F. For example, in the case of forming the bump on each of two adjacent
electrodes, the two bumps may be formed so as to have a smaller thickness on a side close to each
other than on a side away from each other, or may be formed so as to have a greater thickness on
the side close to each other than on the side away from each other. Similarly, in the applications
other than flip-chip mounting, the shape of the bump used for flip-chip mounting is not limited to
that of the bump 54F or the bump 54F.

[0069] Next, a bump-forming method according to a second embodiment is described with
reference to FIG. 14 and FIG. 15. FIG. 14 illustrates an example of a trajectory of a capillary
according to the second embodiment. FIG. 15 is a photograph illustrating a bump formed
according to the second embodiment.

[0070] The second embodiment is a bump-forming method for forming a bump of a second
shape. As illustrated in FIG. 8, the trajectory of the capillary 15 calculated by the calculation part
of the bonding controller 10 in the present embodiment includes a first ascending path, a first slide
path, a first descending path, a second ascending path, a second slide path, and a second descending
path. The movement direction of the capillary 15 in the first ascending path and the second
ascending path is set as the +Z direction, and the movement direction of the capillary 15 in the

first descending path and the second descending path is set as the —Z direction. The movement
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direction of the capillary 15 in the first slide path is set as the +X direction, and the movement
direction of the capillary 15 in the second slide path is set as the —X direction.
[0071] A distance of the first ascending path is the same as the distance of the ascending path
in the first embodiment.
[0072] The first slide path is a path along the X direction with (X, Z)=(X1, Z3) (end point of
the first ascending path) as a starting point and (X, Z)=(X21, Z3) as an end point. A distance
X21—-X1 of the first slide path is calculated by the following equation based on the chamfer
diameter Dc and the wire diameter Dw.

X21-X1={(Dc/Dw)xp11+p12} xDw

B11 and B12 are, for example, constants obtained empirically based on the material of the
wire w, but may also be variables determined based on the material or the wire diameter Dw of
the wire w.
[0073] The first descending path is a path along the Z direction with (X, Z)=(X21, Z3) (end
point of the first slide path) as a starting point and (X, Z)=(X21, Z41) as an end point. A distance
741-73 of the first descending path is calculated by the following equation based on the distance
7371 of the first ascending path.

ZA1-73={(Z3-Z1)+y11}

v11 is, for example, a constant obtained empirically based on the material of the wire w,
but may also be a variable determined based on the material or the wire diameter Dw of the wire
w.
[0074] The second descending path is a path along the Z direction with (X, Z)=(X21, Z41)
(end point of the first descending path) as a starting point and (X, Z)=(X21, Z3) as an end point.
A distance of the second descending path is, for example, substantially equivalent to the distance
of the first ascending path.
[0075] The second slide path is a path along the X direction with (X, Z)=(X21, Z3) (end point

of the second ascending path) as a starting point and (X, Z)=(X22, Z3) as an end point. A distance
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X22—X21 of the second slide path is calculated by the following equation based on the distance
X21-X1 of the first slide path.

X22-X21=—(X21-X1)x2
[0076] The second descending path is a path along the Z direction with (X, Z)=(X22, Z3) (end
point of the second slide path) as a starting point and (X, Z)=(X22, Z42) as an end point. A
distance Z42—-Z3 of the second descending path is calculated by the following equation based on
the distance Z3—Z1 of the first ascending path.

742—73=—{(Z3-Z1)+y21}

v21 is, for example, a constant obtained empirically based on the material of the wire w,
but may also be a variable determined based on the material or the wire diameter Dw of the wire
w. v21=y11 may be satisfied, and at this time, Z42=741.
[0077] By entering “180 deg” in a “Reverse angle” field in FIG. 3, a slide path can be reversed
as illustrated in FIG. 15. In this case, a bump is formed so as to have a smaller thickness on the
side far from the electrode 72 as the bonding target on the side close to the electrode 72.
[0078] As illustrated in FIG. 15, according to the second embodiment, a bump having a taller
back than that of the first embodiment can be formed.
[0079] As described above, according to one aspect of the present invention, a bump-forming
device, a bump-forming method, and a bump-forming program can be provided in which
parameter setting is simplified.
[0080] The embodiments described above are for facilitating the understanding of the present
invention rather than for limiting the interpretation of the present invention. Each element
included in the embodiments and its arrangement, material, condition, shape, size, and the like are
not limited to those illustrated and can be appropriately changed. It is possible to partially replace
or combine the configurations shown in different embodiments.
Description of Reference Numerals

[0081] 1: bump-forming device; 10: bonding controller; 11: base; 12: XY table; 13: bonding
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head; 14: torch electrode; 15: capillary; 15h: hole; 15c: chamfer; 16: ultrasonic horn; 17: wire
clamper; 18: wire tensioner; 19: rotary spool; 20: bonding stage; 21: heater; 40: operation part; 41:
display; 42: camera; 50: semiconductor device; 52: electrode; w: wire; fab: free air ball; 60:
crimped ball part; 61: hole portion; 62: chamfer portion; 63: crimp lower portion; 64: crimp upper
portion; Dw: wire diameter; Dh: hole diameter; Ac: chamfer angle; Dc: chamfer diameter; Df: free
air ball diameter; T1: thickness of hole portion; T1: thickness of chamfer portion; T3: thickness of

crimp lower portion; D3: diameter of crimp lower portion.
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CLAIMS

[Claim 1]

A bump-forming device comprising:

a bonding tool, bonding a wire to a bond point as a bonding target; and

a bonding controller, controlling the bonding tool to form a bump on the bond point,

wherein

the bonding controller is configured to execute:

a crimping step in which a ball part formed at a tip of a wire extending from a tip of the
bonding tool is crimped to the bond point by the tip of the bonding tool;

a delivery step in which the bonding tool is moved while a wire is delivered from the ball part
crimped to the bond point;

a pressing step in which a portion of the ball part crimped to the bond point is pressed by the
tip of the bonding tool, and the ball part crimped to the bond point is deformed; and

a cutting step in which the wire is cut and the bump is formed on the bond point; and

based on a first parameter relating to the wire and a second parameter relating to shape of the
bonding tool, at least a trajectory in the delivery step in the trajectory of the bonding tool is
determined.

[Claim 2]

The bump-forming device according to claim 1, wherein

the bonding controller acquires the first parameter and the second parameter input by an input
device, and calculates the trajectory of the bonding tool.

[Claim 3]

The bump-forming device according to claim 2, wherein

the first parameter comprises a diameter of the ball part before being crimped and a diameter
and a thickness of a crimp lower portion of the ball part crimped to the bond point, the crimp lower

portion being formed between the bonding tool and the bond point;
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the second parameter comprises a hole diameter of a hole of the bonding tool through which
the wire is inserted, and a chamfer diameter and a chamfer angle of a chamfer provided on a tip
side of the hole of the bonding tool; and

the bonding controller calculates a volume of a crimp upper portion of the ball part crimped
to the bond point, the crimp upper portion being formed inside the bonding tool.

[Claim 4]

The bump-forming device according to claim 3, wherein

the trajectory of the bonding tool comprises an ascending path away from the bond point; and

the bonding controller calculates a distance of the ascending path based on the volume of the
crimp upper portion.

[Claim 5]

The bump-forming device according to claim 4, wherein

the trajectory of the bonding tool further comprises a slide path moving in a direction
intersecting the ascending path;

the first parameter comprises a diameter and a material of the wire; and

the bonding controller calculates a distance of the slide path based on the chamfer diameter
and the diameter and the material of the wire.

[Claim 6]

The bump-forming device according to claim 5, wherein

the trajectory of the bonding tool further comprises a descending path approaching the bond
point; and

the bonding controller calculates a distance of the descending path based on the distance of
the ascending path and the material of the wire.

[Claim 7]

A bump-forming method comprising:

a crimping step in which a ball part formed at a tip of a wire extending from a tip of a bonding
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tool is crimped to a bond point by the tip of the bonding tool;

a delivery step in which the bonding tool is moved while the wire is delivered from the ball
part crimped to the bond point;

a pressing step in which a portion of the ball part crimped to the bond point is pressed by the
tip of the bonding tool, and the ball part crimped to the bond point is deformed; and

a cutting step in which the wire is cut and a bump is formed on the bond point,

wherein

based on a first parameter relating to the wire and a second parameter relating to shape of the
bonding tool, at least a trajectory in the delivery step in the trajectory of the bonding tool is
determined.

[Claim 8]

The bump-forming method according to claim 7, wherein,

between a first bond point and a second bond point electrically connected by wire bonding,
the bump is formed at the first bond point; and

the bump has a greater thickness on a side close to the second bond point than on a side far
from the second bond point.

[Claim 9]

A bump-forming program, causing a computer to execute:

crimping processing in which a ball part formed at a tip of a wire extending from a tip of a
bonding tool is crimped to a bond point by the tip of the bonding tool;

delivery processing in which the bonding tool is moved while a wire is delivered from the
ball part crimped to the bond point;

pressing processing in which a portion of the ball part crimped to the bond point is pressed
by the tip of the bonding tool, and the ball part crimped to the bond point is deformed; and

cutting processing in which the wire is cut and a bump is formed on the bond point,

wherein
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based on a first parameter relating to the wire and a second parameter relating to shape of the
bonding tool, at least a trajectory in the delivery processing in the trajectory of the bonding tool is

determined.
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